RESEARCH ARTICLE 



CQ\CTION 



The analgesic effect of different 
antidepressants combined with 
aspirin on thermally induced pain in 
Albino mice 

Abdalla S. Elhwuegi* and Kalthom M. Hassan 

Department of Pharmacology and Clinical Pharmacy, Faculty of Pharmacy, Tripoli University, 
Tripoli, Libya 



Background: Combination analgesics provide more effective pain relief for a broader spectrum of pain. 
This research examines the possible potentiation of the analgesic effect of different classes of antidepressants 
when combined with aspirin in thermal model of pain using Albino mice. 

Methods: Different groups of six animals each were injected intraperitoneally by different doses of aspirin 
(50, 100, or 200 mg/kg), imipramine (2.5, 7.5, 15 or 30 mg/kg), fluoxetine (1.25, 2.5, 5 or 7.5 mg/kg), 
mirtazapine (1.25, 2.5, or 5 mg/kg) and a combination of a fixed dose of aspirin (100 mg/kg) with the different 
doses of the three antidepressants. One hour later the analgesic effect of these treatments were evaluated 
against thermally induced pain. All data were subjected to statistical analysis using unpaired Student's t-test. 
Results: Aspirin had no analgesic effect in thermally induced pain. The three selected antidepressants 
produced dose dependent analgesia. The addition of a fixed dose of aspirin to imipramine significantly 
increased the reaction time (RT) of the lowest dose (by 23%) and the highest dose (by 20%). The addition 
of the fixed dose of aspirin to fluoxetine significantly increased RT by 13% of the dose 2.5 mg/kg. Finally, 
the addition of the fixed dose of aspirin significantly potentiated the antinociceptive effect of the different 
doses of mirtazapine (RT was increased by 24, 54 and 38% respectively). 

Conclusion: Combination of aspirin with an antidepressant might produce better analgesia, increasing the 
efficacy of pain management and reduces side effects by using smaller doses of each drug. 
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Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are nonspecific analgesics and can potentially 
be used for any type of acute or chronic pain. 
Because they are both analgesic and anti-inflammatory, 
the NSAIDs are among the most widely used of all 
therapeutic classes of drugs (1). Most antidepressant 
medications are analgesics, and can relieve chronic 
pain even if the patient has no coexisting depression. 
The specific antidepressant effects are also important - 
alleviating chronic depression is important in helping 
patients deal more effectively with pain (2). Nevertheless, 
no single analgesic agent is perfect and no single 
analgesic can treat all types of pain. Yet, each agent 
has distinct advantages and disadvantages compared to 
the others. Hence, clinical outcomes might be improved 
under certain conditions with the use of a combination 
of analgesics, rather than reliance on a single agent (3). 



By activating multiple pain-inhibitory pathways, combi- 
nation analgesics can provide more effective pain relief 
for a broader spectrum of pain, and might also reduce 
adverse drug reactions (3). Many combinations have 
been used for the treatment of different types of pain 
(4, 5). However, no study of the analgesic effect of 
the combined treatment of aspirin with antidepressant 
drugs was reported before. Therefore an experimental 
study using Albino mice was undertaken to examine 
the analgesic effect of the combined treatment with 
aspirin and different classes of antidepressant drugs 
including tricyclic antidepressants (TCA), selective sero- 
tonin uptake inhibitor (SSRI) and noradrenergic & 
specific serotonergic antidepressants (NaSSAs). This 
was done by studying the antinociceptive effect of these 
drugs either given alone or in combination with aspirin 
in thermal pain. 
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Methods 
Animals used 

Albino mice weighting 25-30 g were used. The animals 
were bred at the Department of Pharmacology, Faculty 
of Pharmacy, Tripoli University. The animals were kept at 
room temperature between 20 and 25°C with constant 
humidity and 12 h light-dark cycle with food and water 
ad-lib. All experiments were performed at times between 
10.00 and 13. 00 h to minimize diurnal variations. 

Drugs and chemicals 

Aspirin ampoules containing 500 mg were obtained from 
Sanofi Aventis-France. Imipramine hydrochloride am- 
poules containing 10 mg/2 ml were obtained from Polfa- 
Poland. Fluoxetine hydrochloride and Mirtazapine were 
supplied by Sigma - Aldrich dealers in Tripoli. Tween 80 
and Acetic acid 1% (v/v) were obtained from Riedel-De 
Haen AG Seelzf-Hannover Germany. 

Drugs administration 

Aspirin and Fluoxetine hydrochloride were dissolved in 
0.9% saline. Imipramine hydrochloride solution was 
diluted with 0.9% saline. Mirtazapine was suspended in 
1% Tween 80 in water. All these drugs were administered 
by the intraperitoneal (i.p.) route in a volume of 5 ml/kg 
body weight. Different groups of six animals each were 
injected intraperitoneally by different doses of aspirin 
(50, 100, or 200 mg/kg), imipramine (2.5, 7.5, 15 or 
30 mg/kg), fluoxetine (1.25, 2.5, 5 or 7.5 mg/kg), 
mirtazapine (1.25, 2.5, or 5 mg/kg) and a combination 
of a fixed dose of aspirin (100 mg/kg) with the different 
doses of the three antidepressant drugs. One hour later 
the analgesic effects of these treatments were evaluated 
against thermally (hotplate) induced pain. 

Thermally induced pain 

Hot-plate Analgesia Meter (model - DS 37 manufactured 
by Soael Milan-Italy) was used as a mean of inducing 
thermal pain. The plate temperature was held at a set 
point by electronic thermostat set at (55+0.2) °C (6, 7). 
Mice were brought to the testing room and allowed to 
acclimatize for 10 min before the test begins. The mouse 
was placed on the hot plate and the latency to respond 
with either a hind paw lick, hind paw flick, or jump 
(which ever comes first) was measured in seconds. The 
mouse was immediately removed from the hot plate and 
returned to its home cage. If a mouse did not respond 
within 30 sec, the test was terminated and the mouse was 
removed from the hot plate (8). Baseline measurement for 
each mouse was taken just prior to drug administration 
(pretreatment values or self control) and again 60 min 
after drug administration. Experiments were performed 
according to a protocol approved by our animal care 
committee. 



Data presentation and statistical analysis 

The degree of antinociception for each mouse was 
expressed as the percentage increase in reaction time 
(RT) in seconds calculated according to the formula 
(% increase in RT = [T*100/C]), where C is the RT before 
treatment and T is the RT after treatment. 

Data generated from the above studies were statistically 
analyzed with Excel software. Results for each group were 
expressed as Mean + SE. One way analysis of variance 
(ANOVA) was used to see the differences in the effects 
among the different doses, and unpaired Student's r-test 
(two samples assuming equal variances) to determine 
which population means were different. A P value of 
<0.05 was considered statistically significant. 

Results 

Antinociceptive effect of aspirin 

Different doses of aspirin (50-200 mg/kg) produced no 
significant change in the reaction time in the hot plate 
test (Table 1). 

The antinociceptive effect of imipramine alone 
and in combination with aspirin 

Different doses of imipramine produced a significance 
dose dependent antinociceptive effect against thermal 
pain starting at the dose 7.5 mg/kg (Table 2). One way 
ANOVA test showed that the addition of aspirin (100 mg/ 
kg) significantly potentiated the antinociceptive effect 
of imipramine (P<0.01). This was shown (comparing 
between the group that was given imipramine only with 
the group that was given imipramine plus aspirin) to take 
place with the lowest (2.5 mg/kg) and highest (30 mg/kg) 
doses of imipramine (Table 2). 

The antinociceptive effect of fluoxetine alone 
and in combination with aspirin 

Fluoxetine produced significant dose dependent antino- 
ciceptive effect against thermal pain (Table 3). The 
addition of aspirin (100 mg/kg) significantly potentiated 
the antinociceptive effect of different doses of fluoxetine 
(_P<0.01, one-way ANOVA). This was shown to take 
place with 2.5 mg/kg of fluoxetine (Table 3). 



Table 1. The antinociceptive effect of different doses of 
aspirin against thermal induced pain 



Treatments 


The percentage increase in reaction time 


Normal saline 


101.4 + 3.1 


Aspirin (50 mg kg) 


102.1 ±2.6 


Aspirin (100 mg/kg) 


106.5 + 5.4 


Aspirin (200 mg/kg) 


108.8 + 8.6 



Values are mean + SE of six animals. 
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Table 2. The antinociceptive effect of different doses of imipramine alone and in combination with 100 mg/kg aspirin against 
thermal induced pain 



Treatment 




Imipramine dose (mg/kg) 


Percentage increase in reaction time 


Percentage change from control group 


Normal saline 




I U I O. I 


n 
u 


Aspirin (100mg/kg) 




106.5 + 5.4 


5.1 


Imipramine 




2.5 


108.8 + 7.8 


7.3 


Imipramine- 


-aspirin 


2.5 


131.2 + 7.9*# 


29.4 


Imipramine 




7.5 


126.2 + 5.8* 


24.5 


Imipramine- 


-aspirin 


7.5 


142.8 + 11.5* 


40.8 


Imipramine 




15 


136.3 + 7.68* 


34.4 


Imipramine- 


-aspirin 


15 


152.5 + 14* 


50.4 


Imipramine 




30 


175.2 + 7.5* 


72.8 


Imipramine+aspirin 


30 


195.7 + 4.38*# 


93 



Values are mean + SE of six animals. 

*Significantly differs from control normal saline group. 

#Significantly differs from the corresponding group that received imipramine only. 



The antinociceptive effect of mirtazapine alone 
and in combination with aspirin 

Mirtazapine produced dose dependent antinociceptive 
effect against thermal induced pain (Table 4). The 
addition of aspirin (100 mg/kg) significantly potentiated 
the antinociceptive effect of different doses of mirtaza- 
pine (/ > <0.001, one-way ANOVA). This potentiation 
was statistically significant with all the doses of mirtaza- 
pine (Table 4). 

Discussion 

To the best of our knowledge the analgesic interactions 
between aspirin and antidepressants that increase the 
availability of serotonin and/or noradrenaline have not 
been evaluated previously. Hot plate nociception is 
commonly used to test for acute CNS analgesia; this 



test is selective in detecting analgesic action of morphine 
like drugs. All antidepressants used in this study pro- 
duced a dose-depended anti-nociception in the hotplate 
test which was significantly potentiated by a middle dose 
of aspirin. Aspirin by itself lacks any analgesic effect in 
this test. These antidepressants are known to increase the 
synaptic availability of monoamines by different mechan- 
isms, where imipramine inhibits the uptake mechanism 
for both 5-HT and NA, fluoxetine blocks selectively the 
uptake of 5-HT, while mirtazapine is believed to increase 
both noradrenergic and serotonergic neurotransmission 
via blockade of central alpha2 adrenergic auto- and 
heteroreceptors increasing the availability of both amines 
at the synapse (9). Noradrenergic and serotonergic 
descending inhibitory and excitatory pathways are be- 
lieved to play an important role in endogenous analgesic 



Table 3. The antinociceptive effect of different doses of fluoxetine alone and in combination with 100 mg/kg aspirin against 
thermal induced pain 



Treatment 




Fluoxetine dose (mg/kg) 


Percentage increase in reaction time 


Percentage change from control 


Normal saline 




101.4 + 3.1 




Aspirin (100 mg/kg) 




106.5 + 5.4 


5.1 


Fluoxetine 




1.25 


112.6 + 2.7* 


11.1 


Fluoxetine- 


- Aspirin 


1.25 


113.2 + 6.21* 


11.6 


Fluoxetine 




2.5 


116.2 + 3.3* 


14.7 


Fluoxetine- 


-Aspirin 


2.5 


129.31 +3.06*# 


27.5 


Fluoxetine 




5 


117.57 + 4.12* 


15.9 


Fluoxetine- 


-Aspirin 


5 


121.91 +5.6* 


20.2 


Fluoxetine 




7.5 


124.67 + 6.4* 


22.9 


Fluoxetine- 


-Aspirin 


7.5 


126.8 + 5.6* 


25.0 



Values are mean + SE of six animals. 

*Significantly different from control normal saline values. 

#Significantly different from the corresponding group that received fluoxetine only. 
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Table 4. The antinociceptive effect of different doses of mirtazapine alone and in combination with 100 mg/kg aspirin against 
thermal induced pain 



Treatment 


Mirtazapine dose (mg/kg) 


Percentage increase in reaction time 


Percentage change from control 


Normal saline 




101.4 + 3.1 




Aspirin (100 mg/kg) 




106.5 + 5.4 


5.1 


Mirtazapine 


1.25 


135.9 + 9.85* 


34.0 


Mirtazapine + Aspirin 


1.25 


158.3 + 5. 1*# 


56.1 


Mirtazapine 


2.5 


135.8 + 5.76* 


33.9 


Mirtazapine + Aspirin 


2.5 


189.8 + 1 1.2*# 


87.1 


Mirtazapine 


5 


142.3 + 5.37* 


40.3 


Mirtazapine + Aspirin 


5 


180.6 + 17.3*# 


78.1 



Values are mean + SE of six animals. 

*Significantly different from control normal saline values. 

#Significantly different from the corresponding group that received mirtazapine only. 



systems (10). Both noradrenaline and serotonin produce 
membrane hyperpolarization, while decreasing the 
excitatory transmitter release from primary A8 and C 
afferent fibers presynaptically and increasing the 
inhibitory transmitter release, including both GABA 
and glycine, from the interneurons (11). 

Fluoxetine produced less analgesia when compared 
with imipramine and mirtazapine (an increases in reac- 
tion time for fluoxetine from 11 to 22%, 7.3 to 72.8% for 
imipramine and 34-40% for mirtazapine). If we believe 
that both noradrenergic and serotonergic descending 
pathways play an important role in endogenous analgesic 
systems (12), then it is logic to suggest that fluoxetine 
being a selective serotonin uptake inhibitor would 
produce less analgesic effect than imipramine and 
mirtazapine both of which are known to increase the 
levels of both amines at the synapse. 

Aspirin have been the traditional treatment for mod- 
erate pain and inflammation. Aspirin and its derivatives 
diminish postoperative hyperalgesia peripherally, primar- 
ily through inhibition of cyclooxygenase (COX) enzymes 
in the spinal cord and periphery (13). The combination of 
aspirin with the selected antidepressants resulted in a 
potentiation of analgesia in the following order (mirta- 
zapine [22-53%], imipramine [16-22%] then fluoxetine 
[0.5-12.8%]. The addition of aspirin resulted in a 
significant potentiation for all doses of mirtazapine. 
The same results were obtained with imipramine except 
that the potentiation was significant only with the 
smallest (2.5 mg/kg) and the highest (30 mg/kg) doses 
of imipramine. The insignificant effect of the middle 
doses of imipramine might be related to the relatively 
higher standard error seen with these groups. The results 
obtained with fluoxetine are more difficult to explain, 
since the addition of aspirin resulted in very small 
potentiation to the analgesic effect which was significant 
with only the 2.5 mg/kg dose. 



The potentiation of aspirin to the analgesic effect of 
these antidepressants doesn't seem to be additive, as the 
magnitude of the final effect of the combination was 
more than the sum of each response separately. Aspirin, 
by inhibiting peripheral and central cyclooxygenase and 
decreasing prostaglandin synthesis (14), likely reduced 
the activation and sensitization of peripheral primary 
afferents as well as central spinothalamic tract neurons, 
while the selected antidepressants likely enhanced des- 
cending inhibition of spinothalamic tract neurons (15). 
When combined, the two pharmacologic mechanisms 
appear to produce greater-than-additive effects. More- 
over, previous studies have shown that analgesia induced 
by central infusion of NSAIDs was antagonized in 
monkeys by pretreatment with either the serotonergic 
receptor antagonist cyproheptadine or the alpha-2 adre- 
nergic receptor antagonist yohimbine (16). In addition, 
activation of descending serotonergic inhibitory circuits 
has been proposed as a mechanism to account, at least in 
part, for the analgesic action of several NSAIDs (17-18). 
Thus, in addition to the possible pharmacologic interac- 
tions between cyclooxygenase inhibition produced by 
aspirin and the increased availability of the monoamines 
produced by the antidepressants, aspirin may have 
enhanced monoaminergic neurotransmission to an addi- 
tional degree which resulted in the potentiation of the 
analgesic effect of these antidepressants. 

It can be concluded therefore that the differing 
mechanisms of action of these drugs allows for improved 
analgesia when they are used in combination, even at 
reduced doses. Combination analgesic therapy can in- 
crease the efficacy of pain management and reduce side 
effects, minimizing pain and reducing recovery time. 



Conflict of interest and funding 

The authors have not received any funding or benefits 
from industry or elsewhere to conduct this study. 



4 

(page number not for citation purpose) 



Citation: Libyan J Med 2012, 7: 17251 - http://cfx.doi.org/10.3402/ljm.v7i0.17251 



Effect of the combined treatment of aspirin with different antidepressants 



References 



1. MacPherson RD. The pharmacological basis of contemporary 
pain management. Pharmacol Ther. 2000; 88: 163-85. 

2. Mico JA, Ardid D, Berrocoso E, Eschalier A. Antidepressants 
and pain. Trends Pharmacol Sci. 2006; 27: 348-54. 

3. Raffa RB. Pharmacology of oral combination analgesics: 
rational therapy for pain. J Clin Pharm Ther. 2001; 26: 257-64. 

4. Gilron I, Bailey JM, Tu D, Holden RR, Weaver DF, Houlden 
RL. Morphine, gabapentin, or their combination for neuro- 
pathic pain. N Engl J Med. 2005; 352: 1324-34. 

5. Tham SM, Angus JA, Tudor EM, Wright CE. Synergistic and 
additive interactions of the cannabinoid agonist CP55,940 with 1 
opioid receptor and alpha2-adrenoceptor agonists in acute pain 
models in mice. Br J Pharmacol. 2005; 144: 875-84. 

6. O'Callaghan JP, Holtzman SG. Quantification of the analgesic 
activity of narcotic antagonists by a modified hot plate 
procedure. J Pharmacol Exp Ther. 1975; 192: 497-505. 

7. Carter RB. Differentiating analgesic and non-analgesic drug 
activities on rat hot plate: effect of behavioral endpoint. Pain. 
1991; 47: 211-20. 

8. Wilson SG, Mogil JS. Measuring pain in the (knockout) mouse: 
big Challenges in a small mammal. Behav Brain Res. 2001; 125: 
65-73. 

9. Elhwuegi AS. Central monoamines and their role in major 
depression. Prog Neuropsychopharmacol Biol Psychiatry. 2004; 
28: 435-51. 

10. Bannister K, Bee LA, Dickenson AH. Preclinical and early 
clinical investigations related to monoaminergic pain modula- 
tion. Neurotherapeutics. 2009; 6: 703-12. 

11. Yoshimura M, Furue H. Mechanisms for the anti-nociceptive 
actions of the descending noradrenergic and serotonergic 
systems in the spinal cord. J Pharmacol Sci. 2006; 101: 107-17. 



12. McCormack K. Non-steroidal anti-inflammatory drugs and 
spinal nociceptive processing. Pain. 1994; 59: 9—43. 

13. Vane JR, Botting RM. New insights into the mode of action of 
anti-inflammatory drugs. Inflamm Res. 1995; 44: 1-10. 

14. Jones CK, Peters SC, Shannon HE. A Synergistic interactions 
between the dual serotonergic, noradrenergic reuptake inhibitor 
duloxetine and the non-steroidal anti-inflammatory drug ibu- 
profen in inflammatory pain in rodents. Eur J Pain. 2007; 11: 
208-15. 

15. Shyu KW, Lin MT. Hypothalamic monoaminergic mechanisms 
of aspirin-induced analgesia in monkeys. J Neural Transm. 
1985; 62: 285-93. 

16. Carlsson KH, Jurna I. The role of descending inhibition in the 
antinociceptive effects of the pyrazolone derivatives, metamizol 
(dipyrone) and aminophenazone ("Pyramidon"). Naunyn. 
Schmiedebergs Arch Pharmacol. 1987; 335: 154-9. 

17. Tjolsen A, Lund A, Hole K. Antinociceptive effect of para- 
cetamol in rats is partly dependent on spinal serotonergic 
systems. Eur J Pharmacol. 1991; 193: 193-201. 

18. Sandrini M, Vitale G, Pini LA, Sternieri E, Bertolini A. Effects 
of chronic treatment with phenazone on the hot-plate test and 
[3H] serotonin binding sites in pons and cortex membranes of 
the rat. Pharmacology. 1993; 47: 84-90. 



*Abdalla S. Elhwuegi 

Department of Pharmacology and Clinical Pharmacy 

Faculty of Pharmacy 

Tripoli University 

Tripoli 

Libya 

Tel: +218-21-3617593 
Email: hwuegi@hotmail.com 



Citation: Libyan J Med 2012, 7: 17251 - http://dx.doi.org/10.3402/ljm.v7i0.17251 



5 

(page number not for citation purpose) 



